In this paper, we present an extension of some classes of difference sequences by considering them in a base space X, a real linear n-normed space via a sequence of Orlicz functions. We investigate the spaces for linearity, existence of norms and completeness under different conditions. We also show that they are convex spaces and compute their topologically equivalent spaces. Further some results on equivalence of various norms on such extended spaces are presented. MSC: 40A05; 46B20; 46B99; 46A19; 46A99
Introduction and preliminaries
Let w denote the space of all real or complex sequences. By c, c  and ∞ , we denote the Banach spaces of convergent, null and bounded sequences x = (x k ), respectively, normed by
An Orlicz function is a function M : [, ∞) → [, ∞) which is continuous, non-decreasing and convex with M() = , M(x) >  for x >  and M(x) → ∞ as x → ∞.
Lindenstrauss and Tzafriri [] used the Orlicz function and introduced the sequence space M as follows:
They proved that M is a Banach space normed by x = inf ρ >  :
The study of Orlicz sequence spaces was initiated with a certain specific purpose in Banach space theory. Indeed, Lindberg got interested in Orlicz spaces in connection with finding Banach spaces with symmetric Schauder bases having complementary subspaces isomorphic to c  or p ( ≤ p < ∞). Subsequently, Lindenstrauss and Tzafriri [] studied these http://www.journalofinequalitiesandapplications.com/content/2013/1/232
Orlicz sequence spaces in more detail, and solved many important and interesting structural problems in Banach spaces. Later on, different classes of sequence spaces defined by an Orlicz function were studied by different authors. For details, one may refer to Kamthan and Gupta [] . The notion of a difference sequence space was introduced by Kizmaz [] who studied the difference sequence spaces ∞ ( ), c( ) and c  ( ). The notion was further generalized by Et 
which is equivalent to the following binomial representation:
Taking m = , we get the spaces 
The concept of -normed spaces was introduced and studied by Gähler, a German Mathematician who worked at German Academy of Science, Berlin, in a series of papers in the German language published in Mathematische Nachrichten; see, for example, references [-]. This notion, which is nothing but a two-dimensional analogue of a normed space, got the attention of a wider audience after the publication of a paper by White 
. . , x n is called an n-norm on X, and the pair (X, ·, . . . , · ) is called an n-normed space. A trivial example of an n-normed space is X = R n equipped with the following Euclidean n-norm:
where
. . , a n } is a linearly independent set in X, then the following function ·, . . . , · ∞ on X n- defined by
defines an (n -)-norm on X with respect to {a  , a  , . . . , a n }, and this is known as derived (n -)-norm on X. The standard n-norm on X, which is a real inner product space of dimension d ≥ n, is given as follows:
where ·, · denotes the inner product on X. If X = R n , then this n-norm is exactly the same
A sequence (x k ) in an n-normed space (X, ·, . . . , · ) is said to be Cauchy with respect to the n-norm if
If every Cauchy sequence in X converges to some L ∈ X, then X is said to be complete with respect to the n-norm. Any complete n-normed space is said to be an n-Banach space. http://www.journalofinequalitiesandapplications.com/content/2013/1/232
Now we state the following useful results on the n-norm as lemmas which were given in [].
Lemma . Every n-normed space is an (n -r)-normed space for all r = , , . . . , n -. In particular, every n-normed space is a normed space.
Lemma . A standard n-normed space is complete if and only if it is complete with respect to the usual norm
Lemma . On a standard n-normed space X, the derived (n -)-norm ·, . . . , · ∞ , defined with respect to an orthonormal set {e  , e  , . . . , e n }, is equivalent to the standard (n -)-norm ·, . . . , · S . Precisely, we have
Let (X, ·, . . . , · X ) be a real linear n-normed space and let w(X) denote an X-valued sequence space. Then, for a sequence of Orlicz functions M = (M k ), we define the following difference sequence spaces:
for every non-zero z  , . . . , z n- ∈ X and for some ρ >  ,
for every non-zero z  , . . . , z n- ∈ X and for some ρ >  .
In the above definition of spaces, the n-norm ·, . . . , · X on X is either a standard n-norm or a non-standard n-norm. In general, we write ·, . . . , · X , and for a standard case, we write ·, . . . , · S . For a derived norm, we use ·, . . . , · ∞ .
It is obvious that c  (X, M,
) follows from the following inequality: 
Main results
In this section we investigate some results on the n-norm as well as the main results of this article involving the sequence spaces c  (X, M, 
Then p B is a seminorm on X and the family P = {p B : B ∈ β n- } of seminorms generates a locally convex topology on X.
Proposition . The seminorms p B 's have the following properties:
(i) ker(p B ) = linear span of B, (ii) for B ∈ β n- , y ∈ B and x ∈ X\linear span of B, we have
Hence we have the following proposition. 
Proposition . The seminorms defined by Proposition
. . , f n are linearly independent.
Then ·, . . . , · is an n-norm on P m .
Proof The proof is a routine verification and so it is omitted. sup
This implies that for a given ε > , there exists some ρ ε ( < ρ ε < ε) such that
Hence, for every z  , . . . ,
This is a contradiction.
So, we must have Let ρ = ρ  + ρ  . Then, by the convexity of M, we have
Finally, let α be any scalar. Then
where λ = ρ |α| . This completes the proof.
(ii) The proof follows by applying similar arguments as above. Clearly T is linear homeomorphism.
Remark It is obvious that (x
(ii) In this case we consider the mapping T :
Clearly T is a linear homeomorphism.
(iii) The proof follows by using the convexity of Orlicz functions.
Remark Let {a  , a  , . . . , a n } be a linearly independent set in X. Then
. . , i r } ⊆ {, . . . , n} is a derived (n -r)-norm on X for each r = , . . . , n - and for each k ≥ .
Hence we have the following theorem. 
Using (.), we get
Hence we have
It follows that for every z  , . . . , z n- ∈ X,
This implies that
Hence ( Proof Let (x i ) converge to x in Y in the norm ·
